Glycosaminoglycans (GAGs) are linear, highly negatively charged carbohydrate chains present in connective tissues. Chondroitin sulfate (CS) and heparin (Hep) are also found in the numerous secretory granules of mast cells (MC), tissue immune cells involved in allergic and inflammatory reactions. CS and Hep may inhibit secretion of histamine from rat connective tissue MC, but their effect on human MC remains unknown. Human LAD2 MC were pre-incubated with CS, Hep, or dermatan sulfate (DS) before being stimulated by either the peptide substance P (SP, 2 μM) or the cytokine IL-33 (10 ng/mL). Preincubation with CS had no effect on MC degranulation stimulated by SP, but inhibited TNF (60%) and CXCL8 (45%) secretion from LAD2 cells stimulated by IL-33. Fluoresceinconjugated CS (CS-F) was internalized by LAD2 cells only at 37
Introduction
Mast cells (MC) are unique immune cells that derive from hematopoietic precursors and mature in vascularized tissues [1] [2] [3] . MC are responsible for IgE-mediated allergic reactions [4] [5] [6] [7] [8] , stimulated via the high affinity IgE receptor (FcεRI) [9, 10] . MC are also involved in other diseases [11] , such as mastocytosis [5] and MC activation syndrome [12] . MC are also stimulated by other triggers implicated in inflammatory processes, especially the neuropeptide substance P (SP) [13] [14] [15] and the cytokine IL-33 [16, 17] . Stimulated MC secrete prestored molecules, including histamine, chondroitin sulfate (CS), heparin (Hep) and tryptase, as well as de novo synthesized proinflammatory cytokines, such as IL-1β, IL-6, IL-31, TNF, and vascular endothelial growth factor (VEGF) [5, [18] [19] [20] [21] . MC also produce many chemokines, especially CXCL8 (IL-8), important for recruitment of other immune cells [4, 22] . As a result, MC are also implicated in innate and acquired immunity [23] , autoimmunity [24] , and inflammation [6, 21, 25] .
IL-33 is one of the newest members of the IL-1 family of inflammatory cytokines [26] that plays a crucial role in regulation of the innate and immune systems [27, 28] , as well as many in inflammatory diseases [16, 26, 29, 30] . IL-33 is secreted by fibroblasts and endothelial cells [26] , as well as from basophils in asthma patients [31] . IL-33 acts as an "alarmin" [16, 32] . IL-33 augments the effect of IgE on MC and basophils [29, 32] , but also has an effect on its own. We recently reported that IL-33 stimulates selective secretion of TNF from human cultured MC [33] . We also reported that IL-33 augments the effect of the peptide SP on secretion of VEGF [34] and TNF [33] from human MC.
There are no clinically available MC inhibitors [21, 35] . Disodium cromoglycate (cromolyn) is known as a "MC stabilizer" because it inhibits rodent peritoneal MC histamine secretion [36] , but it does not effectively inhibit either mouse MC [37] or human MC [38, 39] . Some natural flavonoids, such as quercetin and luteolin, have anti-inflammatory actions [40] [41] [42] and inhibit MC activation [43] [44] [45] [46] [47] , but their oral absorption is limited. We had also previously reported that the naturally occurring polyamines, spermine and spermidine, can inhibit rat MC, but they have not been further studied [48] .
Glycosaminoglycans (GAGs) are long, linear carbohydrate chains that are highly negatively charged and are involved in the structural integrity of connective tissues, but are also involved in a variety of other biological processes, such as healing and modulation of inflammation [49] . High concentrations of GAGs, including CS and Hep, are found in secretory granules of MC [50] . In fact, Hep is stored exclusively in MC granules and is thought to electrostatically bind to histamine and the proteolytic enzyme tryptase [51] . Human [52] , rat [53] , and mouse [54] MC also store and produce CS, which may have anti-inflammatory properties [55, 56] , rendering MC immunomodulatory [6, 57] .
Our laboratory had reported that CS can partially inhibit secretion of histamine from rat connective tissue MC stimulated with the degranulation trigger compound 48/80 [58] . However, the inhibitory potential of CS and other GAGs on the stimulation of human MC, especially by nonallergic triggers, such as SP and IL-33, as well as the secretion of cytokines and chemokines remain under-investigated. Here, we report that CS inhibits TNF and CXCL8 secretion from human cultured MC stimulated by IL-33.
Materials
CS sodium salt from shark cartilage, heparin (Hep) sodium salt and dermatan sulfate (DS) both from porcine intestinal mucosa, SP and ionomycin from Streptomyces conglobatus were purchased from Millipore Sigma (St. Louis, MO). Low molecular weight (LMW) Hep and DS were purchased from AMSBIO (Cambridge, MA). Recombinant human IL-33, as well as ELISA kits for TNF (DY210) and CXCL8 (DY208) were purchased from R&D Systems (Minneapolis, MN The minimum detectable level is 5 pg/mL. After collecting the supernatant fluids, cell pellets were washed once with PBS and then lysed using protein lysis radioimmuno precipitation buffer (Millipore Sigma) in the presence of Halt protease and phosphatase inhibitor cocktail (1X, Thermo Fisher Scientific). Total protein concentration was determined by the bicinchoninic acid assay (Thermo Fisher Scientific) method using bovine serum albumin (BSA) as standard.
β-Hexosaminidase assay
β-Hexosaminidase release, as an index of rapid MC degranulation, was assayed using a fluorometric assay as previously reported. Briefly, after stimulation with SP (2 μM), the supernatant fluid and cell lysates (0.5 × 10 5 cells/tube, was lysed with 1% Triton X-100 to measure residual cell-associated β-hexosaminidase) were incubated with substrate solution (p-nitrophenyl-N-acetyl-β-D-glucosaminide, Sigma-Aldrich) in 0.1 M NaOH/0.2 M glycine to measure β-hexosaminidase activity.
Absorbance was read at 405 nm using a SpectraMax ® spectrophotometer (Molecular Devices, San Jose, CA), and the results are expressed as percentage of β-hexosaminidase activity released over the total.
RNA isolation and quantitative real time-PCR (qRT-PCR)
LAD2 MC (5.0 × 10 5 ) were treated with the indicated GAGs and washed twice with ice-cold PBS (+EDTA), then stimulated with IL-33 (10 ng/mL, 3 h). Total mRNA was extracted with an RNeasy Mini kit (Qiagen) in accordance with the manufacturer's intructions. An iScript cDNA synthesis kit (BioRad) was used for reverse-transcription of each mRNA sample. qRT-PCR was performed using Taqman gene expression assays for TNF and CXCL8 (Thermo Fisher Scientific). Samples were run at 45 cycles using a real-time PCR system (7300, Applied Biosystems, Foster City, CA). Relative mRNA abundance was determined with the 2 ΔΔCt method, using GAPDH as a reference gene. Mediator and GAPDH Ct values from GAG + IL-33 conditions were compared to respective Ct values from IL-33 alone conditions (assigned 1.0), to give the result as expression fold change (2 ΔΔCt ) over control. Efficiency was confirmed from standard curves run with each experiment. ) were first preincubated with or without the specified GAGs (50 μg/mL) for 1 h at 37 C, before being washed twice with PBS (+EDTA) and loaded with cell permanent Fura-2 AM (3 μg/mL, Invitrogen) for 45 min at 37 C. Cells were washed and allowed to stay at 22 C for 30 min to allow for de-esterification of Fura-2 AM. LAD2 MC were then washed again and kept on ice until baseline intracellular calcium levels were measured for 5 min with the FlexStation™ II (Molecular Devices, Sunnyvale, CA) using an 335/363 nm excitation ratio, with emission wavelengths at 505 and 512 nm, respectively. After 5 min, MC were stimulated with or without either the calcium ionophore ionomycin (5 μg/mL, Millipore Sigma) or IL-33 (50 ng/mL) for 20 min, whereas intracellular calcium influx was measured continuously at 37 C. 
GAG cellular localization by immunofluorescence

FACS analysis
Statistical analysis
All conditions were performed in duplicate, at least, and all experiments were repeated at least three times (n = 3), unless noted otherwise. Results are presented as mean AE SEM. Data were compared using one-way ANOVA followed by Dunnett's or Tukey's multiple comparison test as indicated, unless sample set(s) did not follow a normal distribution; in this case, the Kruskal-Wallis one-way ANOVA was used instead of an ordinary one-way ANOVA (GraphPad Prism 7, San Diego, CA). Significance is denoted by: * = P < 0.05, ** = P < 0.01, *** = P < 0.001, **** = P < 0.0001.
Results
CS does not interact directly with the triggers SP and IL-33 or the mediators TNF and CXCL8
Control experiments were first performed to ensure that any inhibitory action of CS on stimulated MC was not due to CS leftover in the media that could interact directly with either the triggers (SP or IL-33) used or the mediators (TNF or CXCL8) secreted. CS was not recovered in the media, after one wash (Supporting Information Fig. S1 ). The presence of CS in the medium (with no preincubation) had no effect on the ability of IL-33 to stimulate either TNF or CXCL8 secretion from MC (Supporting Information Fig. S2 ). Moreover, CS did not interfere with the ELISA used to detect either TNF or CXCL8 (Supporting Information Fig. S3 ).
CS does not inhibit degranulation but inhibits TNF and CXCL8 secretion stimulated by SP
As IL-33 alone does not lead to LAD2 MC degranulation, SP (1 μM) was used to stimulate β-hexosaminidase, an MC secretory granule enzyme secreted upon stimulation and used an index of degranulation (Fig. 1A) , as well as secretion of TNF (Fig. 1B) and CXCL8 (Fig. 1C ) from MC for 24 h. Preincubation with CS had no effect on secretion of β-hexosaminidase, but inhibited secretion of TNF and CXCL8 (Fig. 1) . At baseline, LAD2 MC did not secrete detectable levels of either TNF or CXCL8, hence control values are not shown.
CS inhibits secretion of TNF and CXCL8 from human MC stimulated by IL-33
The effect of IL-33 on MC was then investigated. There was no effect of IL-33 on degranulation (results not shown). Stimulation with IL-33 (10 ng/mL) for 24 h resulted in significant secretion of both TNF (~900 pg/150 μg protein/mL) and CXCL8 (~2200 pg/150 μg protein/mL) (Fig. 2) . Preincubation of MC with various concentrations of CS for 1 h, washed twice, and then stimulated with IL-33 (10 ng/mL) resulted in significant inhibition of TNF and CXCL8 secretion (Fig. 2) . CS significantly inhibited secretion of TNF at both 75 μg/mL (P < 0.05) and 150 μg/mL
FIG 1
Lack of effect of chondroitin sulfate (CS) on β-hexosaminidase secretion and effect of CS on secretion of TNF and CXCL8 from SP-stimulated human MC. (A) LAD2 MC were preincubated with or without CS (50 μg/mL) for 1 h, washed, and then incubated with or without SP (2 μM) for 1 h. Secretion of β-hexosaminidase was measured as described in section 3. LAD2 MC were either pre-treated with culture medium (control) or CS for 1 h before two washes and SP (1 μM) stimulation for 24 h. Consequential secretion of (B) TNF and (C) CXCL8 was measured via ELISA. Each condition was performed in triplicate, n = 3; * = P < 0.05, ** = P < 0.01, *** = P < 0.001, **** = P < 0.0001; ns = not significant.
(P < 0.005; Fig. 2A ), whereas CXCL8 secretion was only significantly inhibited by CS at 150 μg/mL (Fig. 2B ).
CS-fluorescein is endocytosed by human MC
To determine the cellular uptake of fluorescein-conjugated CS (CS-F), MC were preincubated with different concentrations of CS-F (2, 10, and 50 μg/mL) for 1 h, washed twice, and then analyzed with flow cytometry. As more CS-F was added, the entire population of MC shifted to the right whereas the unstained population diminished, indicating the majority of MC were associated with CS-F (Fig. 3) .
To further investigate the association of CS with MC, they were incubated with increasing concentrations of CS-F (2, 10, and 50 μg/mL) for 1 h at 37 C, then washed twice, before being fixed and mounted onto a slide for confocal imaging. Some CS-F was visibly associated only with the cell surface at lower concentrations (2 and 10 μg/mL), but was localized both at the cell surface and intracellularly at the higher concentration (50 μg/mL) (Fig. 4) . Fluorescein-conjugated dextran (Dex-F), which is not sulfated, was used as control (at 200 μg/mL; this concentration was used because it was determined that Dex-F was four times less fluorescent than CS-F [data not shown]). In contrast to CS-F, even at this higher concentration, Dex-F appeared to associate only with the cell surface and was not internalized by MC.
MC were then incubated with CS-F (50 μg/mL) at either 4 C or 37 C for 1 h, washed twice, and then fixed with PFA, before being mounted onto a slide for confocal imaging. At 4 C, CS-F appeared to only weakly associate with MC, whereas at 37 C, CS-F was associated with both the cell surface and the cytoplasm (Fig. 5) . Cells handled and treated with CS added on ice, allowed to reach 37 C for 30 min and then washed, were not inhibited when stimulated with IL-33 (results not shown).
Comparison of the effect of CS to that of Hep and DS on secretion of TNF and CXCL8 from human MC
To compare CS (unfractionated [UF],~40 kDA) with other GAGs, MC were preincubated with either 2.5 or 50 μg/mL of either unfractionated (UF) or LMW (~5 kDA) DS or Hep for 1 h, washed twice, and then stimulated with IL-33 (10 ng/mL) for
FIG 2
Effect of CS on secretion of TNF and CXCL8 in IL-33-stimulated human MC. LAD2 MC were either pre-treated with culture medium (control) or CS for 1 h before two washes and IL-33 (10 ng/mL) stimulation for 24 h. Consequential secretion of (A) TNF and (B) CXCL8 was measured via ELISA. Each condition was performed in triplicate, n = 3; * = P < 0.05, ** = P < 0.01, *** = P < 0.001, **** = P < 0.0001. 24 h. At 50 μg/mL, LMW DS significantly inhibited the secretion of both TNF (P < 0.001) and CXCL8 (P < 0.0001) by about 50%, whereas UF DS significantly inhibited TNF and CXCL8 (P < 0.0001) by about 70% (Figs. 6A and 6C ). At both low and high concentrations, LMW Hep significantly inhibited the secretion of both TNF (P < 0.001) and CXCL8 (P < 0.0001) by about 60%, whereas UF DS significantly inhibited TNF (P < 0.05) and CXCL8 (P < 0.0001) by about 40% (Figs. 6B and 6D ). There were no significant differences in inhibition of TNF secretion between both LMW and UF DS (Fig. 6A) or LMW and UF Hep (Fig. 6B) . However, at low concentrations, there were significant differences in inhibition of CXCL8 secretion between both sizes of DS and Hep, with UF DS being more potent than LMW DS (P < 0.01; Fig. 6C ), and the reverse being true for Hep (P < 0.01; Fig. 6D ).
GAGs do not affect gene expression of either TNF or CXCL8 in human MC
Stimulation with IL-33 was determined to elicit maximal gene expression of either TNF or CXCL8 at 3 h (results not shown).
MC were preincubated with DS, Hep, or CS (50 μg/mL) for 1 h, washed twice, and then stimulated with IL-33 (10 ng/mL).Gene expression of either TNF or CXCL8 was not significantly inhibited compared to IL-33 alone (Fig. 7) . The effect of DS, Hep, or CS preincubation before 6 h of IL-33 stimulation was also studied. Again, there was no inhibition of either TNF or CXCL8 gene expression at this longer time point (results not shown).
FIG 6
Effect of UF or LMW DS or Hep on secretion of TNF and CXCL8 in IL-33-stimulated human MC. LAD2 MC were pre-treated with UF or LMW DS/Hep for 1 h at 37 C before two washes and IL-33 (10 ng/mL) stimulation for 24 h. Secretion of (A, B) TNF and (C, D) CXCL8 was measured via ELISA. Each condition was performed in triplicate, n = 3; * = P < 0.05, ** = P < 0.01, *** = P < 0.001, **** = P < 0.0001.
FIG 7
Effect of GAGs on gene expression of TNF and CXCL8 in IL-33-stimulated human MC. LAD2 MC were pre-treated with or without the specified GAG (50 μg/mL) for 1 h before two washes and IL-33 (10 ng/mL) stimulation for 3 h. Relative mRNA abundance of (A) TNF and (B) CXCL8 was determined with the 2
ΔΔCt method, using GAPDH as a reference gene. Results are expressed as expression fold change (2
ΔΔCt
) over IL-33 stimulation without GAGs. Each condition was performed in duplicate, (A) TNF, n = 3; (B) CXCL8, n = 4.
Gross and Theoharides
GAGs do not affect intracellular calcium influx in human MC
To investigate whether GAGs interfere with intracellular calcium ion levels, MC were first preincubated with or without either DS, CS, or Hep (50 μg/mL) for 1 h, and were then loaded with Fura-2 AM (3 μg/mL) for 45 min, with 20 more min to allow for dye de-esterification. Intracellular calcium levels were measured pre-and post-stimulation with the calcium ionophore ionomycin (5 μg/mL) or IL-33 (50 ng/mL) for 20 min. IL-33 did not affect intracellular calcium levels, whereas ionomycin increased the influx of intracellular calcium (Fig. 8) . Neither DS, CS, or Hep, affected the increase in intracellular calcium levels induced by ionomycin over 20 min (Fig. 8) . The apparent small increase in intracellular calcium levels in the control condition is thought to be due to nonspecific photomechanical changes which occur during addition of the trigger.
GAGs do not affect ST2 expression by human MC
To further examine the mechanism of action of the inhibitory effect of GAGs on MC stimulated with IL-33, the effect of DS, CS, and Hep was studied on the expression of the IL-33 receptor, ST2. MC were preincubated with the indicated GAGs (50 μg/mL) for 1 h and washed twice with PBS. MC were then incubated with anti-human ST2/IL-33R phycoerythrin (PE)-conjugated Ab or its isotype control, goat IgG PE-conjugated Ab. Nonspecific binding was blocked with 0.5% BSA + 5% goat serum. None of the GAGs had a significant effect on ST2 expression (Fig. 9). 
Blocking CD44 does not affect CS-F internalization in human MC
The expression of CD44, the receptor for the nonsulfated GAG hyaluronan, was also investigated for its possible involvement in the binding and internalization of CS. Expression of CD44 on MC was first confirmed via FACS analysis (Supporting Information Fig. S4 ). To analyze the potential effect of blocking CD44 on internalization of CS-F, MC were incubated with or without anti-human HCAM (homing cell adhesion molecule, CD44) monoclonal antibody at increasing concentrations (10-40 μg/ mL) for 1 h at 37 C. After washing twice with PBS, MC were then incubated with or without CS-F (10 μg/mL) for 1 h at 37 C and washed twice again with PBS. Blocking CD44 did not affect the internalization of CS, as judged by the FACS readout of the FL-1 versus FL-2 fluorescence filters. In other words, there was no shift of the cell population toward the control population, or to the left of the rectangle (R2) shown in Fig. 9 . It was, therefore, concluded that this receptor is not involved in the internalization of CS-F (Fig. 10 ).
Discussion
The findings in this report show that CS can inhibit TNF and CXCL8 secretion from human cultured LAD2 MC stimulated by IL-33. The GAG concentrations used for these studies were selected because CS had previously been used in this range in studies of mediator secretion from rabbit chondrocytes [60] and human keratinocytes [61] . These concentrations may be physiologically relevant, as sulfated GAG concentrations in human synovial fluid range from 80 to 330 μg/ml [62] . We had previously reported that CS partially inhibits histamine secretion from rat peritoneal MC [58] . CS apparently inhibited the secretion of pro-inflammatory cytokines from murine coronary endothelial cells and monocytes stimulated with TNF [63] . Hep prevented MC-dependent exercise-induced asthma [64, 65] and MC degranulation induced by nasal provocation in atopic subjects [66] . Hep also inhibited cultured canine MC [67] and rat peritoneal MC [68] . Apparently, LMW Hep preferentially inhibited TNF production in a mouse bone marrowderived MC [69] . Hep also inhibited allergic histamine secretion, as well as immediate cutaneous reaction and bronchoconstriction in sheep [70] .
FIG 8
Effect of CS, Hep, and DS on intracellular calcium levels in stimulated human MC. LAD2 MC were preincubated with or without the aforementioned GAGs for 1 h at 37 C before being loaded with Fura-2 AM. They were then stimulated by either ionomycin (5 μg/mL) or IL-33 (50 ng/mL). Each condition was performed in duplicate, n = 3.
Dermatan sulfate is the predominant GAG present in the skin and has been implicated in wound repair and fibrosis [71] . However, DS has been identified in RBL-1, a rat MC-like cell line [72] , and in rat bone marrow-derived MC (BMMC) [73, 74] . DS has been found to inhibit P-selectin, thus attenuating metastasis, inflammation, and thrombosis in respective experimental mouse models [75] , as well as the chemokine monocyte chemoattractant protein 1 (MCP-1), the cytokine TGF-β and macrophage recruitment [76, 77] . Though nonsulfated, another GAG, hyaluronan, found in cartilage and also known for its woundhealing properties [78] , inhibited rat basophilic leukemia MC degranulation and histamine release [79] .
Our present studies comparing UF and LMW GAGs yielded no significant differences in inhibition of TNF secretion. However, interestingly, at low concentrations, there were significant differences in inhibition of CXCL8 secretion between both sizes of DS and Hep, with UF DS being more inhibitory than LMW DS, and the reverse being true for Hep. The CS used (from shark cartilage) has an average MW of~40 kDa, larger than DS (~21-30 kDa) [80] and Hep (~17-19 kDa). One unique aspect of CS, Hep, and DS is not only their negative charge, but also their sulfated moieties. We had reported that sulfur-containing thimerosal or methyl thiosalicylate added together with SP inhibited VEGF secretion from human cultured MC, whereas sodium salicylate had no effect [81] . The CS used (CS-A and CS-C mixture) is sulfated at fourth and sixth positions, whereas DS is sulfated at position 4 and Hep is sulfated at the 2, 3, 6 or nitrogen positions.
DS and Hep differ in their amino sugar components; Nacetylgalactosamine is present in DS, whereas N-acetylglucosamine is present in Hep. Although CS and DS share the same amino sugar N-acetylgalactosamine, they differ in their uronic acid components; DS, like Hep, contains iduronic acid (IdA), the C-5 epimer of Dglucuronic acid (GlcA), the only uronic acid component of CS [82] . In addition, Hep is more sulfated than DS and thus more negatively charged.
The precise mechanism of the inhibitory action of CS and other GAGs on TNF and CXCL8 secretion from MC is presently unknown. The present data show that the effect of CS occurs via internalization, but does not affect mediator gene expression, intracellular calcium mobilization or ST2 receptor expression. In addition, the hyaluronic acid receptor, CD44 does not appear to be involved in the uptake of CS-F. CS (200 μg/mL) was shown to reduce LPS-induced NF-κB activity in human macrophages [83] and IL-1β-induced NF-κB nuclear translocation in human chondrocytes [60] , as well as NF-κB activation, STAT3 translocation to the nucleus, and the release of TNF, CXCL8, IL-6, and CCL27 in normal human keratinocytes [61] .
Another possible target to explain the inhibitory effect of GAGs may be to prevent secretory vesicle fusion with the plasma membrane. Although CS did not inhibit β-hexosaminidase secretion from secretory granules (1000 nm), chemokines and cytokines are apparently secreted from small secretory vesicles (50-100 nm) [84] , as we had shown for secretion of IL-6 [85] . GAGs could interfere with MC soluble N-ethylmaleimide-sensitive factor attachment protein (SNAP) receptors (SNAREs) [86] . Recent studies have elucidated the involvement of vesicular SNAREs (v-SNAREs) and transSNAREs (t-SNAREs) in MC mediator secretion [86] . For instance, the t-SNAREs SNAP-23 and STX4, as well as the v-SNARE VAMP8, have been shown to be necessary for the IgE-mediated secretion of histamine [87] and CXCL8 [88] from human MC. However, to the best of our knowledge, the involvement of these SNAREs on non-IgE receptor-mediated MC mediator secretion has not been studied.
The ability of CS to inhibit secretion of TNF and CXCL8 from human MC may be clinically relevant. Clinical studies have shown that CS improves knee osteoarthritis [89] , and may also be useful in improving the clinical symptoms of patients with psoriasis [90] . MC are implicated in psoriasis [91] [92] [93] directly and through activation of T cells [94, 95] via both TNF [96] , which is increased in psoriatic skin, [97, 98] and CXCL8 [92] . MC are located close to increased number of neurons, positive for the peptide SP [99, 100] . Moreover, patients with psoriasis experiencing pruritus had increased SP-positive nerve fibers [101] and an increased number of MC [102] . Psoriatic skin MC express NK-1, the receptor for SP [103, 104] Expression of IL-33 and its receptor ST2 are also increased in the skin of patients with localized psoriasis [105] .
Conclusion
The present findings indicate that CS can inhibit the release of TNF and CXCL8 from IL-33-stimulated human MC, possibly by acting intracellularly. CS exerts few or no side effects [106] and there are no known drug-drug interactions. [107] It is, therefore, an attractive therapeutic option for development of treatments for allergic and inflammatory diseases.
